at a scan rate of 100 mV s 1 . Three-electrode system (Ag/Ag + , platinum wire and glassy carbon electrode as reference, counter and work electrode respectively) was used in the CV method. HOMO = -[E ox + 4.8] eV, and LUMO = -[E re + 4.8] eV. E ox and E re represent the onset oxidation and reduction potentials relative to Fc/Fc + , respectively.
The ground-state geometries were optimized by density functional theory (DFT) method and the photophysical properties of excited states were studied by time-dependent density functional theory (TDDFT). The combined quantum mechanics and molecular mechanics (QM/MM) method with two-layer ONIOM approach was used to simulate the properties in the solid state. The PBE0 functional was adopted in the calculations of DMF-BP-PXZ molecule. Based on all the geometric and electronic structure information obtained above, the radiative decay rate was calculated by Einstein spontaneous emission equation, which is written as
Here, f is oscillator strength and E fi is the vertical emission energy with the unit of wavenumber (cm As for the non-radiative decay rate , it can be expressed as the following form according to the Fermi's golden rule (FGR) and first-order perturbation theory.
Here, is the non-adiabatic electronic coupling. Z is the partition function and represents the normal momentum operator of the kth normal mode in the final electronic state.  and  are the electronic state and nuclear vibrational wave function respectively. and are vibrational quantum numbers. f and i represent the final and initial state respectively. Furthermore, applying the Fourier transform of the delta function and Franck-Condon principle, the equation 2 can be written as
Where  is the thermal vibration correlation function (TVCF) and it can be expressed as  . All these parameters can be calculated by MOMAP (Molecular Materials Property Prediction Package).
Besides, the intersystem crossing (ISC) and reverse intersystem crossing (RISC) rate constants were calculated in the Marcus expression.
Synthesis and characterization
(4-Bromophenyl)(9,9-dimethylfluoren-2-yl)methanone (DMF-BP-Br): 4-Bromobenzoyl chloride (0.78 g, 3.6 mmol), 9,9-dimethyl-9H-fluorene (0.58 g, 3 mmol) and 25 mL dry dichloromethane were mixed together under stirring at ambient conditions. Then anhydrous AlCl 3 (0.48 g, 3.6 mmol) was added into the mixture slowly and followed by stirring for 3 h at 40 °C. Then, the reaction was quenched by poured into 200 mL ice-HCl solution, and the aqueous layer was separated from the organic layer. Then the aquatic phase was further extracted with dichloromethane for several times. The combined organic layers were washed twice with water (extracted the aquatic phases again if needed), and then dried over anhydrous Na 2 SO 4 . After filtration and solvent evaporation under reduced pressure, the residue was purified by silica-gel column chromatography using dichloromethane/petroleum as eluent. 195.63, 154.78, 153.83, 143.98, 137.83, 136.99, 135.82, 131.58, 131.51, 130.04, 128.70, 127.31, 127.18, 124.29, 122.88, 121.02, 119.57, 47.08, 26.96 151.43, 145.14, 144.79, 138.78, 136.56, 136.10, 131.59, 131.48, 130.17, 129.12, 128.39, 128.17, 128.03, 127.86, 127.30, 126.97, 126.51, 121.21, 120.03, 65.57 . HRMS (MALDI-
calcd. C 32 H 21 BrO, 500.0776; found, 500.1129.
9,9'-Spirobi[fluoren]-2-yl(4-bromophenyl)methanone (SBF-BP-Br):
The procedure was analogous to that described for DMF-BP-Br. White solid, yield 84%. 194.99, 150.05, 149.25, 147.70, 146.34, 141.87, 140.30, 136.57, 136.32, 131.44, 131.39, 130.67, 129.26, 128.03, 127.91, 127.17, 125.70, 124.32, 123.88, 120.96, 120.27, 119.64, 65.90 (4-(Phenoxazin-10-yl)phenyl)(9,9-dimethylfluoren-2-yl)methanone (DMF-BP-PXZ): A mixture of DMF-BP-Br (0.75 g, 2mmol), phenoxazine (0.55 g, 3 mmol), t-BuONa (0.58 g, 6 mmol), P(t-Bu) 3 (0.37 ml, 0.16 mmol), Pd(OAc) 2 (36 mg, 0.16 mmol) were dissolved in toluene (60 mL). After the flask was evacuated under vacuum and purged with dry nitrogen for three times, the mixture was refluxed at 120 o C for 12 h under nitrogen. After cooling to the room temperature, the reaction mixture was poured into water and extracted with dichloromethane three times. The combined organic layers were washed with water, and dried over anhydrous Na 2 SO 4 . After filtration and solvent evaporation, the residue was purified by silica-gel column chromatography using dichloromethane/petroleum ether as an eluent. The product was obtained as a yellowish green solid in 79% yield. 195.31, 155.00, 154.08, 143.80, 143.72, 142.59, 137.99, 137.72, 136.06, 133.88, 133.04, 131.07, 130.63, 129.30, 127.87, 124.28, 124.26, 123.55, 122.37, 121.79, 120.48, 115.97, 114.02, 47.24, 27. (4-(Phenoxazin-10-yl)phenyl)(9,9-diphenylfluoren-2-yl)methanone (DPF-BP-PXZ): The procedure was analogous to that described for DMF-BP-PXZ. Yellow solid, yield 85%. 194.98, 152.11, 151.33, 145.39, 144.71, 143.70, 142.61, 138.77, 137.73, 136.36, 133.84, 133.02, 131.04, 130.99, 129.83, 129.06, 128.61, 128.07, 127.49, 126.79, 124.26, 122.38, 122.27, 121.06, 115. 
X-ray crystallography
Crystal 
OLED fabrication and characterization
Glass substrates pre-coated with a 95-nm-thin layer of indium tin oxide ( 
Estimation of basic photophysical data
The quantum efficiencies and rate constants were determined using the following equations according to Adachi's method. 
